References 1. Dextraze P, Griffiths WC, Camara P, Audette L, Keener M. The potential of three types of separator materials found in conventional blood-collection tubes for interference in therapeutic drug measurements was assessed. None of the separators (based on acrylic, silicone, or polyester polymers) had any significant effect on the concentrations of seven drugs (theophylline, digoxin, phenytoin, phenobarbital, gentamicin, ethanol, and cyclosporine) in blood specimens that were processed and analyzed promptly. Storage of specimens for 24 h resulted in an average 2.4% increase in theophyHine values in specimens collected in tubes with the acrylic separator (P = 0.024); an average 8.1% decrease in phenytoin in specimens collected in tubes with the polyester-based separator (P < 0.001); and an average 4.2% decrease in phenobarbital in specimens collected in tubes with the polyester-based separator (P = 0.02). All other drug concentrations were not signtflcantly affected. A small decrease in phenytoin (7.9%; P < 0.01) was seen when the specimen volume in 7-mL tubes containing polyester-based separator was reduced to 1.0 mL; all other drug concentrationswere unaffected by partial filling of tubes. Paired blood specimens from pediatric patients, when collected in plain tubes and tubes containing acrylic separator, yielded no significant differences for theophylline, digoxin, tobramycm, phenytoin, or phenobarbital concentrations. The three commercially available separators had only small effects on therapeutic drug concentrations, and a newly developed separator based on an acrylic resin was suitably inert. 
Materials and Methods
were not subjected to centrifugation). At the end of the storage period the sera (or whole heparinized blood specimens)
were decanted into small polystyrene tubes and analyzed as indicated in Table 1 .
Variable draw volume study. Venous blood was drawn from six volunteers, and to each blood specimen we added one of the drugs listed in Table 1 . Aliquots of each specimen (3.0 and 1.0 mL) were then pipetted into sets of 7.0-mL serum tubes containing the three types of separator, and 5.0 mL was pipetted into a plain 7.0-niL serum tube (control). For the cyclosporine studies, we used the corresponding heparinized tubes. After 1 h at room temperature, all tubes (except those for the cyclesporine studies) were centrifuged and the serum (or whole blood for cyclosporine determinations) was analyzed for the drug present. When the data were analyzed, the results for the plain tubes were regarded as unbiased values, and the results for tubes with the separators were compared with those for the plain tubes for each drug to discern systematic changes in measured values as the specimen to separator volume ratio increased (draw volume decreased).
Patient specimen comparison.
Pairs of specimens were obtained from patients of St. Louis Children's Hospital, one specimen being collectedin a plain 5.0-mL tube (standard tube) and the other in a 5.0-mL Corvac tube containing a new acrylic separator. Each of the patients was receiving one of the drugs under study (phenobarbital, phenytoin, digoxin, theophylline, or tobramycin) as therapy for a medically indicated condition. In this portion of the evaluation, tobramycin was substituted for gentainicin (a similar drug) because tobramycin was the antibiotic used predominantly in this patient population. No drugs were administered and no extra specimens were collected for the purposes of this study. Blood specimens were collected only when a physician had requested a routine drug analysis for therapeutic monitoring. Prior to collecting a specimen, the professional phiebotomist or nurse obtained informed, written consent from the child's parent or legal guardian. Because of the need for venipuncture collection and the need for a "macro" blood specimen, children under age 2 years were excluded from the study. Care was taken that the order of drawing specimens (plain vs Corvac) was randomized and that the processing of specimens by the usual laboratory procedure (1 h for clotting, centrifugation for 10 mm at 1100 x g, analysis on the same day) was similar for both types of tubes. Table 5) . No statistically significant differences were found (P >0.05), correlation coefficients were all 0.99, and linear-regression analysis of the data revealed highly concordant results.
Discussion
Several reports have implicated the polymeric separator materials used in blood collectiontubes as the cause of reduced concentrations of certain therapeutic drugs in blood specimens (2-5, 9- 
il).
These reports have emphasized the deleterious effects of storage for In every laboratory and in pediatric laboratories in particular, there will be occasional instances of specimens in partially filled tubes being stored for up to 24 h before analysis. For these specimens, where the effects of storage may be combined with the effects of partial filling (see below), the decreases in phenytoin and phenobarbital will probably be larger. For these drugs, the use of polyester-based separator tubes may therefore be unacceptable.
The presence of a separator gel has little effect on the accuracy of determinations of seven of the most frequently measured therapeutic drugs, unless extended storage or partial collection volume increases the potential for artifactual changes. The acrylic-based separator was particularly inert with respect to specimens containing therapeutic drug specimens.
In studies reporting larger decreases in phenytoin and other drug concentrations (2-4), the conditions used (e.g., storage for many days, repeated transfer to new separator tubes)
were unlikely to occur frequently in routine laboratory practice. Further, these larger effects were obtained with a polyester-based separator, which was also the separator most susceptible to artifactual changes in this study. Despite warnings by a pharmacy reference guide to avoid contact of cyclosporine with polymeric surfaces (13), and despite a report of binding of cydosporine to plastic medical appliances (12), cydosporine concentrations were not affected by the presence of a separator gel in this study. Although the drugs we evaluated were chosen to be diverseand representative with regard to chemical and physical properties, caution should be exercised in extending these results to other therapeutically monitored drugs. When information on potential interactions of a specific drug with a separator is lacking, it would be prudent to collect and store specimens in plain containers.
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